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[Title of the Invention] FM Modulation Circuit 
[Claim 1] 

1. An FM modulation circuit comprising a voltage- 
controlled oscillator circuit (hereinafter called "VCO 
circuit") constituting a PLL, which is provided with a 
modulating variable reactance element, . 

wherein. the reactance of the modulating variable 
reactance element is changed according to a change in 
amplitude of a modulated wave to thereby directly change 
an oscillation frequency of the VCO circuit, and 

the side of input of the modulated wave to the 
modulating variable reactance . element is grounded via a 
bias resistor, and an oscillation frequency . control 
voltage for controlling the oscillation frequency of the. 
VCO circuit in association with a difference in phase 
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between an output of the VCO circuit and an output of a 
reference oscillator is applied across the bias resistor 
to thereby apply a bias voltage corresponding to the 
oscillation frequency. 

[Detailed Description of the Invention] 
[Industrial Field of Application] 

This invention relates to an FM modulation circuit, 
and particularly to an FM modulation circuit using a PLL 
circuit. 

[Prior. Art and Problems thereof] 

An FM modulation circuit using a PLL circuit, which 
has heretofore been, is configured as shown in Fig. 3, 
for example. 

A frequency of. a reference signal from a reference 
oscillator 21. is inputted to a phase comparator 22, where 
it is compared with the output of a phase detector 23 to 
be described later. The result of comparison by the phase 
comparator 22 is inputted to a low-pass filter 2 from 
which a frequency control voltage Vc corresponding to the 
difference in phase between both inputs to the phase 
comparator 22 is outputted. A VCO circuit 1 changes the 
capacitance of each of variable' capacitance diodes 11 for 
frequency control according to the magnitude of the 
frequency control voltage Vc supplied from the low-pass 
filter 2 as described above. The variable capacitance 
diode 11 is connected in series with a modulating 
variable capacitance diode 12 through a coil 13. Series 
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capacitances of the coil 13 and both the variable 
capacitance diodes 11 and 12 are series-resonated to 
oscillate a signal having an intended frequency. Namely, 
when the frequency control voltage Vc increases, the 
capacitance of each reverse-biased variable capacitance 
diode 11 is reduced. Therefore, an oscillation frequency 
becomes high. On the other hand, a modulated signal So is 
inputted to the VCO circuit 1. The signal So is applied 
to the anode side of the modulating variable capacitance 
diode 12 through a choke coil 14 to vary the capacitance 
of the modulating variable capacitance diode 12 according 
to the level of the signal So, thereby FM-modulating the 
intended frequency signal. At this time, high-frequency 
noise contained in the signal So is cut off by the choke 
coil 14 and allowed to escape through a capacitor CI. 
Incidentally, a fixed voltage VDD is always applied to 
the cathode side of the modulating variable capacitance 
diode 12, and a voltage obtained by dividing VDD with a 
resistor R 3 and a bias resistor R 4 is always applied to 
the anode side of the modulating variable capacitance 
diode 12 .. 

In such a conventional circuit, the capacitance of- 
each frequency variable capacitance diode 11 is 
equivalently reduced with an increase in the oscillation 
frequency of the VCO. Therefore, the amount of change in 
the series capacitance thereof becomes small with respect 
to the amount of change in the capacitance of the 
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modulating variable capacitance diode 12. The degree of 
modulation or modulation depth (maximum frequency shift) 
becomes small as the oscillation frequency increases. 
Accordingly, the conventional circuit is apt to increase 
in modulation depth at a. low frequency and decrease in 
modulation depth at a high frequency as indicated by a 
broken line shown in Fig. 4. However, when the modulation 
depth excessively increases upon FM modulation, an - 
occupied frequency band is expanded according to a rated 
value, thus causing inconvenience. When the modulation 
depth is excessively small, a sufficient sound level 
cannot be obtained, thus causing inconvenience. 
[Object of the Invention] 

The present invention has been proposed in view of 
the conventional problems and aims to provide an FM 
modulation circuit in which a modulation depth becomes 
substantially uniform with respect to the frequency. 
[Means for Solving the Object] 

In order to achieve the above object, the present 
invention adopts the following means. Namely, there is 
provided an FM modulation circuit including a voltage 
controlled oscillator circuit (hereinafter described as 
"VCO circuit") constituting PLL, which is provided with a 
modulating variable reactance element, wherein the 
reactance of the modulating variable reactance element is 
changed according to a change in the amplitude of a 
modulating wave, thereby directly changing an oscillation 
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frequency of the VCO circuit, and wherein the side of 
input of the modulating wave to the modulating variable 
reactance element is grounded via a bias resistor, and an 
oscillation frequency control voltage for controlling the 
oscillation frequency of the VCO circuit in association 
with the difference in phase between the output of the 
VCO circuit and the output of a reference oscillator is 
applied via the bias resistor to thereby apply a bias 
voltage corresponding to the oscillation frequency. 
[Effects] 

Owing to the above configuration, when the 
oscillation frequency increases, the bias voltage also 
increases. Thus,, since the difference in potential 
between the anode and cathode of the modulating variable 
reactance element is reduced and the capacitance 
increases, the modulation depth (maximum frequency shift) 
can. be prevented from being reduced. When the oscillation 
frequency is reduced in reverse, the bias voltage is also 
reduced. Thus, sine the difference in potential between 
the anode and cathode of the modulating variable 
reactance element becomes large and the capacitance 
decreases, the modulation depth can be prevented from 
increasing. 

The bias voltage makes use of a frequency control 
voltage for controlling the VCO oscillation frequency of 
the PLL circuit. Thus, the object can be achieved without 
greatly changing the conventional circuit. 
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[Embodiment] • 

Fig. 1 is a block diagram showing one embodiment . of 
the present invention, and Fig. 2 shows in detail a 
principal portion of the block diagram. 

A frequency control voltage outputted from a low- 
pass filter 2 is inputted to each of frequency control 
variable capacitance diodes 11 of a VCO circuit 1 through 
a PLL loop in a manner similar to the prior art. However, 
the frequency control voltage is connected via a buffer 
circuit 3 and a resistor R x to a line for inputting a 
modulated signal So. This line is grounded via a bias 
resistor R 2 , and a voltage obtained by dividing an output 
voltage of the buffer circuit 3 with the resistor R x and 
the bias resistor R 2 is applied to the anode side of a 
modulating variable capacitance diode 12. This serves as 
an alternative to the voltage obtained by dividing VDD 
employed in the conventional example with the resistor R 3 
and the bias resistor' R 4 . This voltage is not applied in 
the conventional example. 

Thus, since the frequency control voltage of the 
low-pass filter 2 is held high when oscillations are 
performing at a high frequency, a bias voltage Ev 
increases and serves in a direction to increase the 
capacitance of the modulating variable capacitance diode 
12. Therefore, the amount of change in capacitance,, based 
on the modulated signal also increases, thus preventing a 
reduction in modulation depth. Since the frequency 



control voltage of the low-pass filter is held low when 
oscillations are performing at a low frequency in reverse, 
the bias voltage Ev is lowered and serves in a direction 
to decrease the capacitance of the modulating, variable 
capacitance diode 12. Therefore, the amount of change in 
capacitance, based on the modulated signal is also 
reduced, thus preventing an increase in modulation depth. 
As a result, the modulation depth (maximum frequency 
shift) becomes uniform regardless of the magnitude of an 
oscillation frequency as indicated by a solid line in Fig. 
4 (in which +4.3KHZ is assumed to be the optimum 
modulation depth) . 

Incidentally, the buffer circuit 3 is used to match 
the impedance of the low-pass filter 2 to that of the VCO 
circuit 1. If circuits or elements capable of achieving 
this object are taken, then any one can be used. 
[Advantage of the Invention] 

In the. present invention as described above, a bias 
voltage corresponding to an oscillation frequency of a 
VCO is applied to a modulating variable capacitance diode 
(modulating variable reactance element) to thereby 
perform a capacitance correction, thereby making it 
possible to prevent a change in modulation depth due to 
the oscillation frequency of the VCO and causing no 
broadening of an occupied frequency band due to an 
excessive increase in modulation depth and no shortage of 
volume due to an excessive decrease in modulation depth. 
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[Brief Description of the Drawings] 

Fig. 1 is a block diagram showing one embodiment of 
the present invention; Fig.. 2 is a circuit diagram, 
illustrating the details of a principal portion of Fig. 
1; Fig. 3 is a circuit diagram showing a conventional FM 
modulation circuit using. PLL; and Fig. 4 is a graph 
showing a modulation depth obtained when a circuit 
according to the present invention is used, and a 
modulation depth obtained when a conventional circuit is 
used. 

In the drawings, 

1 VCO circuit, 

2 . • • • low-pass filter, 
3 buffer circuit 

12 modulating variable reactance element 

(modulating variable capacitance diode) . 
[Figure 1] 

<- modulated wave 

2 . . . low-pass filter 

21 ... resference oscillator 

22 . . phase comparator 

23 ... phase detector 
[Figure 2] 

modulated wave 

2 ... low-pass- filter 

21 ... reference oscillator 

22 ... phase comparator 
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23 ; . . phase detector 
[Figure 3] 

modulated wave 

2 ... low-pass filter 

21 ... reference oscillator 

22 ... phase comparator 

23 ... phase detector 
[Figure 4] 

modulation depth 
frequency 

* * * * * 
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